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Hacrosimass pabGota mocBsiieHa KOMIUIEKCHOMY aHaiu3y Je(OpPMAIMOHHBIX XapaKTEPUCTHK U
MHTETPaAJIbHBIX [apaMEeTPOB MHUKPOTPELIMHOBATOCTH B oOpa3lax KpacHOro CUJIbBHHHUTA BepxHekamckoro
MECTOPOKJEHUS COJIEN MTPU LIUKIMYECKOM OJTHOOCHOM CKAaTHM C IOCTENEHHBIM YBEIMUYEHNEM MaKCUMaJIbHOU
Harpy3KkHM OT LIMKJIa K HUKITY. [ OEHKHU IIOTHOCTH U 0O BbEMHOM J10J11 MUKPOTPELIHH J10 UCTIBITAHU U TOCIIe
Ka)X/I0TO IMKJIa OCYIIECTBISUIACh MEPOKTOMOTpaduieckas CheMKa 00pa3IoB Ha pEeHTTEHOBCKOM ToMorpade
Skyscan 1272 Bruker. IIpocTpaHcTBeHHOE pa3peiieHne Tomorpaduueckux n3o0paxkeHuil (pasmep pebdpa
BOKcCells1) cocTaBmwio 12 mMxM. B pesynbrare aHanmsa KpuBbIX Ae(OpMUPOBAaHUS yCTaHOBIIEHA 3aBUCUMOCTh
HOPMHPOBAHHOTO KacaTeIbHOTO MOAYJIA JAeopMaiii KPaCHOTO CHIIBBUHUTA OT BETMYMHBI MaKCHMAaJIbHON
Harpy3KkHu B LIUKJIE.

Ananus KT nanHbIX nokasai, yTo 00beMHast 405151 MUKPOTPELIMH C BETUYNHON MaKCUMaJIbHOW HArpy3KH B
LIMKJIE pacTeT HEJIMHENHO, 3aMETHbIE U3MEHEHUSI UMEIOT MecTo nocie Harpy3ku 10 MIla. Cpennsist o0bemHast
IUIOTHOCTh MMKPOTPELIUH TOCJE 3aBEplIeHUs HchbITaHui coctaBisier 1.6%. IlokazaHo, yTO M3MEHEHME
CpeAHEr0 HOPMUPOBAHHOTO KAaCcaTEIbHOTO MOAYIS JAeopMaiii KpaCHOTO CHIIbBUHHTA JTUHEWHO CBSI3aHO C
W3MEHEHUEM CpeTHeN 00bEMHOM 1071 MUKPOTPEIIUH. [[J1s o1leHKH TIoTHOCTH MUKpOoTpetnH o KT nanHbmM
KaK MHTErpaJIbHOTO MapaMeTpa, MIMPOKO HCIIONB3YEeMOro B TeOpUH 3PPEKTHBHBIX CPell, MPEAIIOKEHO IBa
nonxoja. [lepBblii moaxo1 6a3upyeTcst Ha ONpeAeIeHUH MIJIOTHOCTH MUKPOTPELIMH Yepe3 NX MaKCUMAaJIbHBIN
pa3mep, BTOPOH — Ha ONpEIENICHHH IJIOTHOCTH MHKPOTPEIIMH Yepe3 PaauyC MOHETOOOpa3HBIX TPEIINH
SKBMBAJIEHTHOrO0 00beMa M Iulomaau nosepxHocTu. [lokazano, uro no0 makcumaibHON Harpysku 10 Mlla
o0a moaxoJa Jar0T HEe3HAYMTENBbHBIH POCT MJIOTHOCTH MHUKPOTpeuuH. Jlajee, TIIOTHOCTh MHUKPOTPEIINH,
OLIEHEHHAs 110 IEPBOMY CII0CO0y, BO3pacTaeT KBa3WJIMHEWHO C POCTOM MAaKCUMaJIbHON Harpy3Kku B IUKIIE, a
IUIOTHOCTh MUKPOTPEIINH, OLIEHEHHAs 10 BTOPOMY CIIOCO0Y — HEJTMHEIHO.

OKClepUMEHTAJIbHBIE JIaHHbIE IO M3MEHEHHMIO CpPEJHEro HOPMHUPOBAHHOI'O KacaTeJIbHOTO MOJIYJIs
nepopManuy KpacHOIO CHUJIBBUHUTA M MHTErPAJIbHBIX XAPAKTEPUCTUK MHUKPOTPELIMHOBATOCTU ObLIM
WCTIOJIB30BAHBI Il BEpU(UKALUU U CPABHUTEIFHOTO aHAJIN3a PAa3IMYHBIX METOJIOB TEOPUH ()(HEKTUBHBIX
cpen. IlocTpoeHsl 3aBHCHMMOCTH HOPMHpPOBaHHOTO 3(pdexrnBHOr0o Momyns FHOHra OT MaKCHMalbHOM
Harpy3KH B IIMKJIE C UCTIOJIB30BaHuEM MeTo10B Mopu—Tanaka, nuddepennnansaoro merona 3pGeKTHBHON
Cpebl M METOJIa CAMOCOTIIaCOBAaHUs. Y CTAHOBIICHO, UTO UG depeHIHaTbHBINA MeTO (P EKTUBHON Cpeabl U
METO/]I CaMOCOTJIACOBAaHUS C OLIEHKOM MJIOTHOCTU TPELIMH 0 MEPBOMY CHOCO0Y JAIOT 3aHMKEHHBIE OLIEHKU
cpeanero 3(pQpeKTHBHOTO HOPMUPOBAHHOTO MOyt HOHTa, HaUMHAs yKe ¢ YMEPEHHBIX Harpy3okK, a METOA
Mopu—Tanaka — 3aBbllIeHHbIE OlIeHKU. [loka3zaHO, YTO caMOCOIIaCOBAHHBIN METOJ C OLIEHKOM MJIOTHOCTH
MHUKPOTPEIIMH Yepe3 paJuyC SKBHUBAJICHTHBIX MOHETOOOPA3HBIX TPEIIMH JAeT NpUEeMIIEMbIE OLEHKHU
3¢ HEKTUBHOTO HOPMHUPOBAHHOTO MOy st KOHTa (MOrpenIHoCTh 7Sl CpeTHUX BeUurH He npesbimaet 10%)
JUIS IJIOTHOCTU MUKPOTPEIIMH He npeBbliatorei 0.5.

[TosydyeHHbIe pe3yabTaThl MOT'YT OBITh UCII0JIB30BAHbI ITPH ONIPEAEIIEHUN HECY 1IN CTOCOOHOCTH JIEHTOUHBIX
U CTOJ0YATHIX LIETUKOB B YAaCTH Pa3BUTHsI TEXHOINC€HHOM HApPYIIEHHOCTH, YTO MO3BOJUT 00Jiee JOCTOBEPHO
OLIEHMBATh UX YCTOMYMBOCTb. Y CTAaHOBJIEH IOPOI MaKCUMaJIbHOM sielicTBytomiei Harpy3ku (10 MlIla) nocne
KOTOpPOr0 aKTHBU3UPYETCS] MPOLECC HEYNpyroro AeOpMUPOBAHUS COJSHBIX MEXAYKAMEPHBIX LIEIHKOB.
Bompoc o Bimustauu Gopmbl 00pasiioB, MacmtadHOro (GakTopa M BUAA HAMPSIKEHHO-IS(HOPMUPOBAHHOTO
COCTOSIHMSI Ha IIOJIyYEHHBIE pEe3yJbTaTbl OCTACTCSI OTKPBITBIM M SBISETCS HNPEIMETOM JaJbHEUIINX
UCCIICIOBAaHUM.

Paboma sevinonnena npu punarncosoti noodepoicke Poccutickoeo Hayuno2o ¢ponoa
(npoexm Ne 26-97-20006).
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This work is devoted to a comprehensive analysis of the deformation characteristics and integral parameters
of microcracking in samples of red silvinite from the Verkhnekamsk salt deposit under cyclic uniaxial
compression with a gradual increase in maximum load from cycle to cycle. To assess the density and volume
fraction of microcracks before testing and after each cycle, myroctomography of samples was performed
using a Skyscan 1272 Bruker X-ray tomograph. The spatial resolution of the tomographic images (voxel edge
size) was 12 microns.

The analysis of CT data showed that the volume fraction of microcracks with the maximum load in the
cycle increases non-linearly, noticeable changes occur after a load of 10 MPa. The average volume density
of microcracks after completion of the tests is 1.6%. It is shown that the change in the average normalized
tangential modulus of deformation of red sylvinite is linearly related to the change in the average volume
fraction of microcracks. Two approaches have been proposed to estimate microcrack density from CT data as
an integral parameter widely used in the theory of efficien media. The first approach is based on determining
the density of microcracks through their maximum size, the second is based on determining the density of
microcracks through the radius of coin—shaped cracks of equivalent volume and surface area. It is shown that
up to a maximum load of 10 MPa, both approaches result in a slight increase in microcrack density. Further,
the microcrack density estimated by the first method increases quasi—linearly with increasing maximum load
in the cycle, and the microcrack density estimated by the second method increases non-linearly.

Experimental data on the change in the average normalized tangential modulus of deformation of red
silvinite and the integral characteristics of microcracking were used for verification and comparative analysis
of various methods of the theory of effective media. The dependences of the normalized effective Youngys
modulus on the maximum load in the cycle are constructed using the Mori-Tanaka methods, the different al
effective medium method, and the self-consistency method. It has been found that the differential effecti e
medium method and the self-consistency method with the crack density estimate using the first method give
underestimated estimates of the average effective normalized Youngys modulus, starting with moderate loads,
and the Mori—Tanaka method overestimate estimates. It is shown that a self-consistent method with estimating
the microcrack density through the radius of equivalent coin-shaped cracks provides acceptable estimates of
the effective normalized Young>s modulus (the error for average values does not exceed 10%) for microcrack
densities not exceeding 0.5.

The results obtained can be used to determine the bearing capacity of ribbon and columnar pillars in terms
of the development of anthropogenic disturbance, which will allow for a more reliable assessment of their
stability.
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